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High—precision and real-time measurement of micro-nano
fiber diameter based on machine vision

LI Hua, MA Yanna, GU Fuxing
(School of Optical-Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China )

Abstract: To solve the problems of complex operations, poor repeatability, and contact damage in
traditional micro-nano fiber diameter measurement methods, a new measurement system based on
machine vision was developed. Firstly, the image was preprocessed and binary segmented in the
system, and then the edge of micro-nano fiber was initially located by the Canny edge operator.
After that, a sub-pixel detection method based on improved Zernike moment was used to accurately
locate the sub-pixel edge. Besides, our system also proposed an algorithm combining Hough
transform and the least square method to fit sub-pixel edge points, which improved the
measurement accuracy of micro-nano fiber diameters to the nanometer level. The measurement
results of micro-nano fiber diameter show that the system can achieve high automation with a
measurement error of less than 3.51%, and the running time is 2.671 s. It can be applied to the high-

precision and real-time measurement of micro-nano fiber morphology.
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Fig. 8 Diameter change of micro-nano fiber during experiment
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FeLF R dy/um dy/pm &%
[#8(a) 12.750 12.384 2.95
[E8(b) 5.457 5272 3.51
E8(c) 3.517 3.603 2.39
[&8(d) 2.992 2918 2.55

R3 BORAEENEEEEN
Tab.3 Time spent in micro-nano fiber
diameter measurement

FELF B A e B is
P& fak 1.095
AR B BRI E L 0.155
RIAEESUE <P E 0314
U< YAy TGy 1.107
it 2.671

Fe B M0 S 45 Y Hough-LSM 551, W 7E4L 2411
HAF N A G L SEBAR F 2 ks
JERLA . SR, REGA EAA R 2
TE 3.51% LA, iB47HF R 2.671 s, i T &
G RN R R, XA 2T il A A Y
FEEFE S A R KA X

EE P

[1] LINGHU S Y, GU Z Q, LU J S, et al. Plasmon-driven
nanowire actuators for on-chip manipulation[J]. Nature
Communications, 2021, 12(1): 385.

[2] LIAOF, YUIJ X, GU Z Q, et al. Enhancing monolayer
photoluminescence on optical micro/nanofibers for
low-threshold lasing[J].
5(11): eaax7398.

[3] WARKEN F, GIESSEN H. Fast profile measurement

Science Advances, 2019,

of micrometer-sized tapered fibers with better than 50-
nm accuracy[J]. Optics Letters, 2004, 29(15): 1727 —
1729.

[4] LITTLE D J, KANE D M. Subdiffraction-limited radi-
us measurements of microcylinders using conventional

bright-field optical microscopy[J]. Optics Letters, 2014,


http://dx.doi.org/10.1038/s41467-020-20683-2
http://dx.doi.org/10.1038/s41467-020-20683-2
http://dx.doi.org/10.1126/sciadv.aax7398
http://dx.doi.org/10.1364/OL.29.001727
http://dx.doi.org/10.1364/OL.39.005196
http://dx.doi.org/10.1038/s41467-020-20683-2
http://dx.doi.org/10.1038/s41467-020-20683-2
http://dx.doi.org/10.1126/sciadv.aax7398
http://dx.doi.org/10.1364/OL.29.001727
http://dx.doi.org/10.1364/OL.39.005196

e 8 e

i

™Ng

EVE

S

[5]

(6]

(7]

(8]

(9]

[10]

[11]

39(17): 5196 — 5199.

SUMETSKY M, DULASHKO Y. Radius variation of
optical fibers with angstrom accuracy[J]. Optics Let-
ters, 2010, 35(23): 4006 — 4008.

KELOTH J, SADGROVE M, YALLA R, et al. Dia-
meter measurement of optical nanofibers using a com-
posite photonic crystal cavity[J]. Optics Letters, 2015,
40(17): 4122 — 4125.

OTSU N. A threshold selection method from gray-level
histograms[J]. IEEE Transactions on Systems, Man,
and Cybernetics, 1979, 9(1): 62 — 66.

SO, 2R BTN R I 2 05 W ER S AG
W [J]. B3R, 2007, 33(5): 480 — 487.

XIN L, SONG A G. A new edge detection method us-
ing Gaussian-Zernike moment operator[C]//
Proceedings of the 2nd International Asia Conference
on Informatics in Control, Automation and Robotics.
Wuhan, China: IEEE, 2010.

LYVERS E P, MITCHELL O R, AKEY M L, et al.
Subpixel measurements using a moment-based edge
operator[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1989, 11(12): 1293 — 1309.

LIAO S X, PAWLAK M. Image analysis with Zernike

[12]

[13]

[14]

[15]

[16]

[17]

moment descriptors[C]//Proceedings of the Canadian
Conference on Electrical and Computer Engineering.
Engineering Innovation: Voyage of Discovery. St.
John's, Canada: IEEE, 1997.

GHOSAL S, MEHROTRA R. Detection of composite
edges[J].
1994, 3(1): 14 -25.

RS, 2. N R R R T e S R A
Fr B3RS AT (9. B0 1L, 2011, 10(12): 158 —
159.

HEROUT A, DUBSKA M, HAVEL J. Review of
Hough transform for line detectionfM]/HEROUT A,
DUBSKA M, HAVEL J. Real-Time Detection of Lines
and Grids. London: Springer, 2013: 3 — 16.

YORK D. Least-squares fitting of a straight line[J]. Ca-
nadian Journal of Physics, 1966, 44(5): 1079 — 1086.
KRYSTEK M, ANTON M. A least-squares algorithm

for fitting data points with mutually correlated coordin-

IEEE Transactions on Image Processing,

ates to a straight line[J]. Measurement Science and
Technology, 2011, 22(3): 035101.
JAH, AR, T CO, WOGIITMAN IR
5% [7]. Y6 ES, 2019, 41(1): 24 — 28.

(k5K &)


http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.40.004122
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/83.265977
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.40.004122
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/83.265977
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.40.004122
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/83.265977
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.40.004122
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/83.265977
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.35.004006
http://dx.doi.org/10.1364/OL.40.004122
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/TSMC.1979.4310076
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/34.41367
http://dx.doi.org/10.1109/83.265977
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1109/83.265977
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1139/p66-090
http://dx.doi.org/10.1088/0957-0233/22/3/035101
http://dx.doi.org/10.1088/0957-0233/22/3/035101

	引　言
	1 基于机器视觉的微纳光纤直径检测方法
	2 实验结果和结果分析
	2.1 图像处理及边缘定位
	2.2 直线拟合仿真
	2.3 测量结果分析

	3 结　论

